We investigated the effects of 22 kinds of rice flours with different characteristics on the textural properties and whiteness of heat-induced fish meat gel without preheating. Amylose (AM), setback viscosity (SV), peaking time (PT), and crude protein (CP) positively affected the breaking force of fish meat gel. In contrast, breaking strain had a positive correlation with PT and CP, but a negative correlation with median particle size (MPS). Heat-induced gels with two added rice flours, prepared with a jet mill or a hammer mill, provided no significant differences in breaking force and breaking strain compared with gels containing rice starch. These flours were characterized by higher CP, AM, SV, and PT, as well as lower MPS, compared with the other flours. The whiteness of the gels with rice flour, except for one sample, was significantly higher than that of gels containing rice starch. Therefore, particle size, AM, PT, protein content, and SV of rice flour are important factors for producing high quality fish meat gel.
Introduction
Rice (Oryza sativa L.) is the most important food in Japan because it is a staple food and the only main food crop that can be domestically supplied. The Japanese self-sufficiency rate for food is low: only 39% of the calories consumed in Japan in 2010 came from non-imported food (Ministry of Agriculture, Forestry and Fisheries, 2012) , so food self-sufficiency is a major problem in Japan. However, the consumption of rice has been steadily decreasing in Japan, i so the use of rice flour in baked foods, noodles, and batter has increased to promote demand for rice .
Various additives have been used in fish meat products, such as kamaboko, to reduce its cost, and improve and/or enhance its texture (Ramírez et al., 2011) . Starch is one of the main additives and is commonly added to these products at a level of 4% _ 12% (Hunt et al., 2009) . Starch affects the textural properties of fish meat products because of its physico-chemical properties, such as water-holding capacity, and its mechanical strength during gelatinization upon heating (Yamashita and Yoneda, 1989; Yamazawa, 1991; Hunt et al., 2009) . Starch is the major component of rice, accounting for approximately 80% of its total weight. Potato starch, corn starch, and wheat starch are the most popular additives used for surimi based products (Okada, 2008; Hunt et al., 2009) . Japan imports most of the corn and wheat for starch production (Ministry of Agriculture, Forestry and Fisheries, 2014a) . In contrast, the raw material for potato starch is supplied within Japan. However, failure of the potato crop may result in the need for other domestic additives. Wheat allergy and celiac disease S. TanimoTo et al. 1236 triggered by wheat protein such as gluten are important problems worldwide (Hiscgenhuber et al., 2006) . Patients with these diseases avoid eating even fish products containing wheat starch. Therefore, rice may become an acceptable, harmless additive in Japanese processed foods because of the low risk of causing an allergic reaction (Shih, 2003) . In Japan, the price of domestic rice is higher than that of imported cereal crops such as corn and wheat (Ministry of Agriculture, Forestry and Fisheries, 2014b) .
ii Recently, however, the price of rice has been steadily decreasing in Japan (Fujino, 2005) , indicating that rice may become more price competitive with imported cereal crops in the future. In addition, rice flour production is environmentally friendly compared with rice starch production, which requires alkaline steeping (Bao and Bergman, 2004) . Thus, rice flour is considered a promising new additive for fish meat products and a contributor to the increase in rice consumption. However, there are few reports on the use of rice flour in fish meat products. We have reported that up to 3% rice flour improves the textural properties of fish meat gel, as does rice starch, and suppresses the softening of fish meat gel (the modori phenomenon) (Tanimoto and Tomioka, 2013) .
Rice flours are traditionally prepared in Japan from soaked rice grains using a roll mill. Various milling methods are currently applied for making rice flour. Rice flour properties, such as particle size distribution and damaged starch content, depend on the milling method (Nishita and Bean, 1982; Arisaka et al., 1992; Araki et al., 2009 ). These characteristics may affect the textural properties of fish meat gel with rice flour. Yoon and Lee (1990) reported that surimi gel containing 11 _ 20 μm powdered cellulose particles has a higher penetration force because of its water-absorbing ability.
Yamashita and Yoneda (1989) also reported that the jelly strength of surimi gel containing small granules (<10 μm) of potato starch was higher than that containing medium (10 _ 40 μm) or large (>40 μm) granules. In addition, the swelling power (waterabsorbing ability) of starch is a major factor that influences the gelreinforcing effect (Yamashita and Yoneda, 1989; Yamazawa, 1991; Hunt et al., 2009) . Furthermore, Hunt et al. (2009) suggested that a starch granule containing a higher ratio of amylopectin to amylose improves gel strength compared with a starch granule of similar size with a lower ratio of amylopectin to amylose. In contrast, amylose content contributes to an increased higher penetration force due to its increased susceptibility to retrogradation (Kim and Lee, 1987) .
The aim of the present study was to evaluate several characteristics (crude protein content, total starch content, amylose content, damaged starch content, swelling power, and median particle size) of rice flour that may affect textural properties of heat-induced fish meat gel without preheating. We also investigated the relationship between gel properties of fish meat gel and pasting properties of rice flour, and studied the effects of the characteristics of rice flour on the whiteness of fish meat gel. (Tanimoto and Tomioka, 2013) . Twenty-two different rice flours and a rice starch were used as additives for fish meat gel. Table 1 shows the pretreatment and milling methods for preparation of rice flours used in this study and these rice cultivars. Rice starch derived from the Japonica rice cultivar planted in Japan was provided by Johetsu Starch Corp., Niigata, Japan. Juliano et al. (1981) with slight modification. After 1.0 mL of 95% ethanol was added to 100 mg of rice flour, the mixture was allowed to stand for 20 h at room temperature. A 9.0-mL aliquot of 1.0 N NaOH was added to the solution, followed by dilution with distilled water up to a volume of 100 mL, then a 0.5-mL aliquot of this sample was mixed with 0.1 mL of 1.0 N acetic acid, 0.2 mL of 0.2% I 2 in 2.0% KI, and 9.2 mL of distilled water. After 20 min at room temperature, the absorbance of the mixture was measured at 620 nm. Potato amylose (Type III, Sigma Co., St. Louis, MO, USA) and rice waxy amylopectin (Johetsu Starch Corp.) were used to prepare a standard curve.
Materials and Methods

Preparation of fish meat gel Frozen surimi was partially
thawed at 3℃ overnight. Salted surimi paste containing rice flour or starch was prepared by mixing intermittently using a domestic food processor (Model MK-K80P; Panasonic Corp., Osaka, Japan)
for 10 min. The weight ratios (%) of the final concentration of surimi, rice flour or starch (13.8% moisture basis), water, and NaCl in the paste were 75.0%, 10.0%, 12.3%, and 2.7%, respectively.
Effect of Rice Flour Characteristics on the Textural Properties of Fish Meat Gel
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The adding amount of rice flour and starch was set based on the value which provided significant differences in textural properties of fish meat gels in a previous study (Tanimoto and Tomioka, 2013) . The total weight of salted surimi was 200 g. The temperature of the surimi pastes was 8℃ _ 9℃ immediately after mixing. The pastes were stuffed into a 9-cm circumference polyvinylidene chloride casing, then cooked at 90℃ for 30 min. After cooking, the gels were cooled immediately for 30 min with tap water and stored at 20℃ overnight prior to analysis. Taketomo Electoric Inc., Tokyo, Japan) equipped with a spherical plunger (diameter 5 mm). The probe was pressed into the surface of a gel specimen at a constant speed (1 mm/sec) at 20℃ until the gel was punctured. Breaking force and strain were recorded as the force (kg) and the distance (m) when the gel sample was punctured by the probe, respectively.
Textural properties of the fish meat gels
Determination of color
The fish meat gels were subjected to color measurement using a colorimeter (CR-400; Konica Minolta
Optics, Inc., Tokyo, Japan). L* (lightness), a* (redness/greenness), and b* (yellowness/blueness) values were measured, and whiteness was calculated using the method described by Park (1994) , as follows:
Determination of swelling power Swelling power was measured using the method described by Yamashita and Yoneda (1989) . A 20-mL aliquot of 2.7% (w/w) NaCl solution was mixed with 0.20 g of rice flour in a stoppered test tube. The test tube was heated at 90℃ for 30 min. After heating, the sample was immediately cooled for 30 min using tap water and stored at 20℃
for 23 h. The volume of the swollen sample was measured, and the volume per sample weight (mL/g) was used to evaluate swelling power.
Determination of median particle size The median particle size of the rice flour and rice starch was measured using a laser diffraction particle size analyzer (Heros & Rodos, Sympatec, Clausthal-Zellerfeld, Germany). The samples were fed into a laser diffraction sensor, HELOS (Helium-Neon Laser Optical System) using a universal dry dispersing unit, RODOS. This sensor detected the diffraction patterns of the sample particles. The median particle size of the samples was computed from these diffraction patterns.
Pasting properties of rice flour The pasting properties of rice flour were measured using a Rapid Visco Analyzer (RVA) model moisture basis) portion of sample and 25 mL of distilled water were mixed in a viscograph cup. A programmed heating and cooling cycle was followed, as outlined in the procedure of Toyoshima et al. (1997) . The suspension was heated from 50℃ to 93℃ (at 50℃ for 1 min and for 4 min to reach 93℃). The temperature was maintained at 93℃ for 7 min, cooled from 93℃
to 50℃ in 4 min, and allowed to stand at 50℃ for 3 min. Pasting properties were evaluated based on the peak viscosity, trough viscosity, breakdown viscosity, breakdown %, final viscosity, setback viscosity, peak time, and pasting temperature. Pearson's correlation coefficients were calculated between textural properties and whiteness of the fish meat gel and rice flour characteristics. The significance level was set at p < 0.05. Table 2 shows the textural properties and whiteness of fish meat gel with various rice flours. Breaking force and strain ranged from 588.4 x 10 _ 3 kg to 714.6 x 10 _ 3 kg and from 8.38 x 10 _ 3 m to 9.77 x 10 _ 3 m, respectively. The breaking force of twelve fish meat gels with rice flours (nos. 1, 3, 6, 7, 10, 11, 15, 17, 18, 19, 20, and 21) were not This result confirmed that the addition of rice flour to fish meat gel enhanced the breaking force, as did rice starch in our previous study (Tanimoto and Tomioka, 2013) . However, the addition of rice flour as well as rice starch to fish meat gel did not elongate the breaking strain, in contrast to the earlier study (Tanimoto and Tomioka, 2013) . In addition, the improved gel properties were different between the two studies. These discrepancies are considered to be due to various factors such as the method for preparing fish meat gel and the gel forming ability of surimi used.
Statistical analysis
Results
Textural properties and whiteness of fish meat gel
Gel samples with rice flours prepared by jet milling and hammer milling had significantly higher breaking force than gel samples made by pin milling (p < 0.05) ( Table 3 ). The breaking strain of the gel with rice flours by jet milling and hammer milling was significantly higher than those by other milling methods (p < 0.05) ( Table 3 ). The whiteness of gel samples with rice flour varied from 73.9 to 76.3. The values with rice flours used in this study, except for no. 13, were significantly higher than that with rice starch (p < 0.05). Jet milled samples had significantly higher whiteness compared with those milled using a pin mill (p < 0.05) ( Table 3) .
The change ratio (1.03; maximum value / minimum value) of the whiteness of gel samples with rice flour is lower than those of breaking force and strain (1.17 and 1.21, respectively). This result indicated that the difference in rice flour characteristics affected textural properties of the fish meat gels more significantly compared with the whiteness.
Moisture content, crude protein content, total starch content, amylose content, and damaged starch content The moisture
content of the rice flours ranged from 10.7% to 13.8% (Table 4 ).
The desired moisture content of rice flour for novel use (rice bread, noodles, and cake) is set at 15% or less in Japan. v The moisture content of these rice flours appeared to meet these criteria.
The crude protein content, total starch content, amylose content, and damaged starch content of the rice flours are shown in Table 4 . The crude protein content of the rice flours ranged from 5.8% to 7.7%. The total starch content of the rice flours ranged from 85.6% to 91.0%. In contrast, the total starch content of rice starch was 95.6%. Amylose content of rice flours ranged from 16.9% to 23.3%. The damaged starch content of rice flours ranged from 2.1% to 14.2%. The value of rice flours milled using a jet mill was significantly smaller than those using a hammer mill (p < 0.05) (Table 5 ). Several studies have reported that damaged starch content depends on the type of milling device and differences in the milling conditions such as dry, wet milling, or pectinase pretreatment (Nishita and Bean, 1982; Arisaka et al., 1992; Araki et al., 2009) .
Swelling power and median particle size The swelling power
of the rice flours ranged from 20.4 mL/g to 29.7 mL/g ( Table 4 ).
The values of many rice flours (nos. 1 _ 16 and 22) used in this study were significantly higher compared with that of rice starch (p < 0.05). The swelling power of rice flours prepared by hammer milling was significantly lower than that of rice flours made by other milling methods (p < 0.05) ( Table 5 ). Median particle size ranged from 27.3 μm to 162.8 μm (Table 4) . Rice flours milled using a jet mill and a hammer mill had significantly smaller median particle sizes than those milled using a pin mill and a roll mill (p < 0.05) ( Table 5) . Table 6 shows the pasting properties of the rice flours. Peak viscosity, trough viscosity, breakdown viscosity, final viscosity, and setback viscosity ranged from 296.5 mPa･s to 483.1 mPa･s, from 169.7 mPa･s to 262.0 mPa･s, from 126.3 mPa･s to 274.1 mPa･s, from 265.9 mPa･s to 388.6 mPa･s, and from 96.2 mPa･s to 151.1 mPa･s, respectively. In contrast, the breakdown %, peak time, and pasting temperature varied from 41.8% to 56.8%, from 377 sec to 427 sec, and from 66.4℃ to 73.4℃, respectively. Rice flours milled using a pin mill had significantly higher breakdown viscosity than those milled using a hammer mill (p < 0.05) ( Table 7 ). The pin mill and the roll mill resulted in significantly higher breakdown % compared with the hammer mill (p < 0.05) ( Table 7 ). In addition, peak times for the rice flours milled using a jet mill and a hammer mill were significantly longer than those using a pin mill (p < 0.05) ( Table 7) .
Pasting properties
The other pasting properties were not different among the milling methods. Table 8 protein content (r = 0.462, p < 0.05), but negative one with median particle size (r = _ 0.631, p < 0.01). The whiteness was also positively correlated with peak time (r = 0.500, p < 0.05) and crude protein content (r = 0.492, p < 0.05), but negatively with median particle size (r = _ 0.583, p < 0.01). Fish meat gel containing rice flour (nos.
Relationships between textural properties and whiteness of fish meat gel and rice flour characteristics
15 or 17) showed no significant differences in breaking force and breaking strain compared with gels containing rice starch (Table 2) .
These rice flours were characterized by higher crude protein, amylose, setback viscosity, and peak time and lower median particle size compared with the other rice flour samples (Tables 3 and 4) .
These tendencies support the results of the significant correlation between textual properties of fish meat gel and various characteristics of rice flour (table 8) .
Discussion
This study aimed to determine suitable rice flour properties for use as an additive for fish meat gel. We found that breaking force was positively correlated with amylose content (p < 0.01) and setback viscosity (p < 0.05) ( Table 8 ). The high amylose content of starch promotes retrogradation (Kim and Lee, 1987; Bao and Bergman, 2004) . The amylose fraction in starch determines firmness of the gels, whereas amylopectin determines gel elasticity (Hunt et al., 2009) . The setback on RVA is caused by retrogradation of starch, particularly amylose (Wani et al., 2011) .
In fact, amylose content in the rice flour was significantly correlated (0.654, p < 0.01) with setback viscosity in this study.
Hence, the correlation between breaking force and amylose content is suggested to be due to the increased hardness of rice flour induced by its retrogradation under decreasing temperature.
Breaking force, breaking strain, and whiteness were positively correlated with peak time and crude protein content (p < 0.05).
Juliano (1979) reported that protein content is one of the main factors affecting the stickiness and hardness of cooked rice. Arai and Watanabe (1994) suggested that the contribution of protein to the hardness of cooked rice is due to its inhibition of starch gelatinization. A longer peak time may be due to the lower rate of water absorption and swelling of starch granules. In fact, crude protein content in the rice flour was significantly correlated (r = 0.596, p < 0.01) with peak time in this study. However, rice noodles had negative correlations between the protein content, and the maximum tensile strain and storage modulus (Li et al., 2007) .
Thus, rice flour protein did not directly affect the properties of fish meat gel but had an indirect influence on the properties by suppressing starch gelatinization. In addition, the mechanical strength of starch granules affects the jelly strength of fish meat gel (Okada and Yamazaki, 1959; Hunt et al., 2009) . Therefore, the correlation results of amylose content, crude protein content, setback viscosity, and peak time with breaking force is suggested to be due to the mechanical strength of rice flour gel in fish meat.
The amylopectin component in starch contributes to granule swelling in fish meat gel and increases gel strength (Hunt et al., 2009 ). The swelling power (water-absorbing ability) of starch is a major factor that influences the gel-reinforcing effect (Yamashita and Yoneda, 1989; Yamazawa, 1991; Hunt et al., 2009) . However, breaking force did not correlate with swelling power significantly in this study (Table 8 ). In addition, we have reported that the swelling power of rice flour and rice starch does not explain the differences in their gel reinforcing effects (Tanimoto and Tomioka, 2013 ). These observations suggest that the change in the swelling Table 6 . Pasting properties of rice flour Table 7 . Effect of milling method on pasting properties of rice flour power of rice flours ranging from 20.4% to 29.7% (Table 4) did not affect textural properties of fish gel compared with other characteristics. When a surimi gel was prepared with starch that has a low gelatinization temperature, the resulting higher gel strength is attributed to starch granule swelling (Hunt et al., 2009) .
In fact, potato starch has relatively lower gelatinization temperature compared with those of corn and wheat starches (Jiranuntakul et al., 2011) . The addition of potato starch provided higher gel strength fish meat gel compared with fish meat gels containing corn and wheat starches (Okada and Yamazaki, 1959) . However， both breaking force and strain did not correlate with the pasting temperature of the rice flours significantly in this study (Table 8 ).
In addition, the pasting temperature of the rice flours did not have significant correlation with swelling power in this study. Therefore, the changes in the pasting temperature as well as the swelling power of rice flours (Tables 4 and 6 ) did not affect the textural properties of fish gel compared with other characteristics.
Breaking strain was negatively correlated (p < 0.01) with median particle size (Table 8) . To our knowledge, there is no report on the relationship between the breaking strain of fish meat gel with an additive and its particle size. Yoon and Lee (1990) reported that surimi gel containing 11 _ 20 μm powdered cellulose has higher penetration force due to its water-absorbing ability. Konoo et al. (1997) reported that the breaking strength of gel with starch did not vary with the particle size and its distribution. This is in agreement with the current results showing insignificant correlation between breaking force and median particle size (Table 8) . On the other hand, Yamashita and Yoneda (1989) also reported that the jelly strength of surimi gel containing small granules (<10 μm) of potato starch is higher than that containing medium (10 _ 40 μm)
or large (>40 μm) granules. When the addition of an additive to fish meat gel does not increase the gel's breaking strength, the increase in its jelly strength is due to the elongation of its breaking strain.
This supports the result that the particle size of rice flour affects the breaking strain of fish meat gel in this study. Arisaka (1992) and Nishita and Bean (1982) reported that the distribution of rice flour particle size is affected by the milling method. We also found that median particle size of the rice flours milled using a jet mill and a hammer mill was significantly smaller than those milled using a pin mill and a roll mill (p < 0.05) ( Table   5 ). In addition, rice flours milled using a jet mill and a hammer mill had significantly longer peak times compared with those using a pin mill (p < 0.05) ( Table 7) . Rice flours prepared with a jet mill and a hammer mill provided a significantly higher gel breaking force than flours prepared by pin milling (p < 0.05) ( Table 3 ). In addition, fish meat gel with rice flour had highly positive correlation between breaking force and breaking strain (0.895; p < 0.05). Jet milling and hammer milling resulted in significantly higher breaking strain compared with pin milling and roll milling (p < 0.05) ( Table 3) . Two rice flours (nos. 15 and 17) which showed no significant differences in breaking force and breaking strain when mixed with gel samples compared with gels containing with rice starch are milled by jet milling and hammer milling, respectively. Thus, the jet mill and the hammer mill are suitable milling methods to prepare rice flour as an additive for fish meat gel compared with the other milling methods. These results could be because of the smaller particle size and longer peak time of the rice flour.
Conclusions
We clarified the relationship between the textural properties and whiteness of heat-induced fish meat gel containing rice flour and rice flour characteristics. Among 22 fish meat gel samples containing rice flours, two gel samples showed no differences in breaking force and breaking strain compared with gels containing rice starch. Amylose content, setback viscosity, peak time, and crude protein content were important rice flour characteristics for making a fish meat gel with higher breaking force. However, the smaller median particle size, longer peak time, and higher crude protein content led to higher breaking strain and whiteness. Therefore, the median particle size, amylose content, peak time, setback viscosity, and crude protein content of rice flour are important properties required for making a superior fish meat gel.
Setting (Suwari） phenomenon of fish meat leads to an increase in the textural strength and elasticity of heat-induced gel preheated below 40℃ (Martin-Sánchez et al., 2009) In contrast, modori is a gel-weakening phenomenon of fish meat at around 50℃ _ 60℃
( Martin-Sánchez et al., 2009) . Fish meat gel processing must regulate these phenomena. Various food additives to fish meat gel affect these phenomena (Martin-Sánchez et al., 2009; Yamashita et al. 1999) . Therefore, further studies are in progress to confirm the effect of rice flour on setting and modori of fish meat gel using the optimum rice flour.
